Alcoholic liver injury such as fatty liver, hepatitis and cirrhosis are frequently observed in patients with a long history of excessive alcohol intake. It is thought that liver injury due to ethanol may involve the interaction of polyunsaturated fatty * To whom correspondence should be addressed . 
RESULTS
Food intake, body weight, relative liver weight and serum alanine aminotransferase activity There were no significant differences in food intake, body weight gain or relative liver weight among the groups (Table 2) . Serum alanine aminotransferase (ALT) activity in the ethanol-treated rats was significantly higher (p<0.005) Microscopic observations Some fatty changes were observed in the liver, not only in the ethanol-treated rats but also in the sucrose administered rats. No apparent difference was recognized in the microscopic observations of the liver between control and ethanol-treated rats (Fig. 1, a and b) . The fatty changes observed in both groups were markedly ameliorated by administering the AA-supplemented diet (Fig. 1, c  and d ). These changes were consistent with the changes in the liver triglyceride content determined biochemically, as described below.
Lipid contents in liver and serum Table 3 shows the lipid contents of the liver and serum. Ethanol induced a decrease in liver total cholesterol (p<0.05) in all dietary groups, but did not affect the liver triglyceride contents. Liver triglyceride levels were markedly reduced when the diet was supplemented with 2 and 3% AA in both the control and ethanol-treated rats (p<0.03).
In contrast with liver triglyceride , the serum triglyceride levels were neither altered by ethanol administration nor were they reduced with AA-supplemented diets. AA-supplemented diet increased the liver total cholesterol content regardless of ethanol feeding. Tables  4 and  5 . In the liver triglyceride fraction (Table 5a) , ethanol feeding was associated with a significantly higher level of 18:1n-9 and a lower level of 20:4n-6 and 20:4n 6/18:2n-6 molar ratio in the Ethanol AA0 group as compared with the Control AAO group. A marked increase in the level of 20:4n-6, together with a subsequent decrease in monounsaturated fatty acid (MUFA) and 16:0, was seen in the rats given the AA-supplemented diet. There was no significant difference in the 18:2n -6 level of liver triglycerides among the groups. In the serum triglyceride fraction (Table 5b) , an increase in 18:1n-9 and decrease in 20:4n-6 and 20:4n-6/l8:2n-6 ratio was observed in the Ethanol AAO group, which was similar to those observed in the liver triglycerides. In contrast to the results for liver triglycerides, however, the 18:2n-6 levels in the serum triglycerides significantly decreased with the AA-supplemented diets in both the control and ethanol-treated rats. A decline of 18:ln-9/l8:0 and the elevation of 20:4n-6/18:2n-6 were observed in the serum triglycerides of the rats fed AA-supplemented diets (p <0.001). LTB4 levels in all rats. There were no significant differences in the LTB4 levels with regard to AA supplement in any of the groups.
DISCUSSION
The ethanol-treated rats showed an elevation of serum ALT activity, but did not show a significant difference in the accumulation of liver triglycerides as compared to the sucrose-fed rats. These results may indicate that limited liver injury occurred under the experimental conditions reported here. Bolus ethanol administration and limited feeding time may have resulted in restricted food intake and body weight gain and smaller liver triglyceride accumulation. However, several changes in the fatty acid composition of the liver and serum lipids, such as a low level in 20:4n-6 and a high level in 18:1n-9, were observed in the ethanol treated rats. The dietary AA supplement induced a significant decrease in liver triglycerides and lowered the serum ALT activity in both the ethanol-treated and control rats. The AA-supplemented diet appeared to increase liver 6-keto-PGF1a but not LTB4.
The effect of dietary fat not only appeared to be dependent on the amount of fat consumed but also was specific for the polyunsaturated fatty acid composition of the fat. A high-fat diet has been shown to exacerbate alcoholic fatty livers in rats. However, it has been recognized that a low-fat diet, 4.4% of total calories with chronic alcohol feeding, also produced a significant increase in hepatic triglycerides (9) , though the hepatic fatty acid synthesis rates were significantly low. Regardless of ethanol and sucrose feeding, the high-fat diet (22.5% energy) produced the accumulation of liver fat in lard-fed rats. In our data, total liver cholesterol was decreased when ethanol was fed with lard. In an earlier report (10) , it was suggested that increased hepatic cholesterol content after chronic ethanol consumption was clearly a function of the amount of corn oil intake. The lower intake of 18:2n-6 (2.25% energy) may thus explain our results.
Dietary 18:2n-6 has been suspected of being necessary for the induction of alcoholic liver injury (11) . The mechanisms by which 18:2n-6 promotes alcoholic liver injury are still to be clarified. One possible explanation is the change in the PUFA composition of the liver. In animal models for alcoholism, a decrease in 20:4n-6 and the 20:4n-6/18:2n-6 ratio in the liver and other tissues have been observed (2) . Recently, it has been reported that only 1 week of alcohol inhalation caused the level of 20:4n-6 in rat liver to decrease by 44% (12) . Decreased 20:4n -6/18:2n-6 ratios due to reduced desaturation have also been demonstrated in ethanol-fed rats (13) . The low levels of 20:4n-6 and the 20:4n-6/18:2n-6 ratio observed in the ethanol-treated rats may thus be due, in part, to the reduction of 18:2n-6 desaturation in the liver. Therefore, the 20:4n-6 deficiency may account for the pathological changes seen in ethanol intoxicated liver.
On the other hand, the 20:4n-6 level in liver phospholipids increased with the elevation of 18:1n-9, 18:2n-6 and 22:6n-3 in the ethanol-treated rats of this study. 
